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PROCESS FOR THE ANISOTROPIC 
ETCHING OF AN ORGANIC DIELECTRIC 
POLYMER MATERIAL BY A PLASMA GAS 

AND APPLICATION IN 
MICROELECTRONICS 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates in a general Way to a process 
for the anisotropic etching of a layer of a dielectric polymer 
material by means of an oXygen-based plasma. 

2. Description of the Related Art 
At the present time, interconnects in silicon-based micro 

electronics are produced using aluminium to form the metal 
lines and silicon oXide (SiO2) as the insulation dielectric 
betWeen the metal lines. HoWever, reducing the siZe of 
integrated circuits, and therefore increasing the operating 
speed of the devices, requires the strategy for interconnect 
formation to be signi?cantly modi?ed, or else the operating 
speed of the device Will be limited by the propagation time 
of the signals in the interconnects. 

To solve this problem, it is therefore necessary to replace 
the aluminium With a conductive material of loWer 
resistivity, for eXample copper, and the silicon oXide With a 
dielectric material having a loWer dielectric constant. 

There are a Wide variety of materials having a dielectric 
constant loWer than SiO2 (Which has a dielectric constant of 
about 4 at the frequencies used for the envisaged 
applications). One particularly interesting class of materials 
having a loW dielectric constant is that of dielectric polymer 
materials, in particular purely organic dielectric polymer 
materials. An example of a suitable polymer material is the 
material sold by DOW CHEMICAL under the name SILK® 
Which has a dielectric constant of about 2.6. 

In order to produce the metal interconnect lines using 
such dielectric polymer materials as insulation material 
betWeen the lines, it is necessary ?rstly to produce, on a 
layer of the dielectric polymer material, by conventional 
photolithography, a hard mask, for eXample of silicon oXide 
SiO2, Which de?nes the dimensions and shapes of the 
interconnect lines and holes, and then to etch the pattern of 
lines and holes in the layer of polymer material. NeXt, the 
etched lines and holes are ?lled With a material, such as 
copper, and then, as is conventional, the structure obtained 
is planariZed by mechanical-chemical polishing (PMC). 

The etching step is an essential operation in the process 
for fabricating integrated circuits and must be able to obtain 
etched sideWalls as straight as possible (anisotropic etching). 

Furthermore, in order to understand the problems associ 
ated With the etching step, it is important to bear in mind that 
the copper/dielectric polymer material pair is intimately 
associated With the use of the so-called “damascene” process 
Which makes it possible to de?ne and produce lines and 
holes simultaneously. 

This so-called “damascene” process is shoWn schemati 
cally in FIGS. 1a to 1d. 

FIG. 1a shoWs a conventional “damascene” structure 
before the interconnect lines and holes have been etched. 

As shoWn in FIG. 1a, this structure includes, Within the 
layer 1 of organic polymer material, stop layers 2 and 3, for 
eXample made of oXide SiO2, Which are con?gured and 
positioned so as to produce interconnect holes and lines. 

After a hard mask 4 of suitable pattern has been formed, 
the interconnect holes 5, 6 and the interconnect line 7 are 
etched, as shoWn in FIG. 1b. 
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2 
The neXt step is the deposition of metal (for eXample Cu) 

in the holes 5, 6 and the line 7 (FIG. 1c) and the planariZation 
of the structure (FIG. 1a) In order to deposit this metal, any 
conventional method may be used, for eXample chemical 
vapour deposition (CVD). 

It may be seen from FIG. 1b that the line 7 and the holes 
5, 6 must be etched simultaneously, something Which com 
plicates the etching operation since the form factors 
involved are large. Moreover, the etching process must make 
it possible to achieve signi?cant etching selectivity betWeen 
the polymer material and the layer 1, for eXample at the 
intersection (S) betWeen the line 8 and the hole 7. 
The lines and holes are conventionally etched by means of 

an oXygen plasma Which alloWs both high etch rates and 
signi?cant and controlled directivity along the normal to the 
surface of the etched substrate. 

The kinetics observed in plasmas are generally attributed, 
on the one hand, to a phenomenon of dissociation of the 
reactive gas at the start of the production of reactive atomic 
species and, on the other hand, to the ioniZation of the gas, 
Which produces positive ions alloWing ion bombardment 
normal to the surface of the substrate Which is at a negative 
potential With respect to the potential of the plasma. 

The actual operation of plasma-etching a layer of polymer 
material Will noW be described With reference to FIGS. 2a 
and 2b. 
The action of plasma-etching a layer 1 of polymer mate 

rial by means of a hard mask 2 may be decomposed into a 
rate of vertical etching VV in a direction normal to the layer 
1 and a rate of spontaneous lateral etching V1, directed 
toWards the etched sideWalls not subjected to the ion bom 
bardment. As shoWn in FIG. 2a, the etching of the polymer 
material 1 has an isotropic etching pro?le due to the action 
of the lateral etching V1. 

In practice, in order to obtain an anisotropic etching 
pro?le, it is necessary to increase the ?uX of ions bombard 
ing the substrate compared With the ?uX of reactive species 
responsible for the spontaneous etching of the etched side 
Walls. 

The very high reactivity of polymers With the neutral 
oxygen atoms present in an oXygen plasma makes it very 
dif?cult to use pure-oxygen plasmas (When the temperature 
of the substrate is maintained close to 20° C.). The polymer 
etching pro?les obtained in an oXygen plasma are not 
anisotropic, Whatever the plasma conditions used. Etching 
pro?les like that shoWn in FIG. 2a are often observed. To 
avoid the appearance of lateral etching, it Would be desirable 
to use an etching chemistry, particularly an oXygen-based 
one, Which, combined With the plasma conditions, alloWs 
the formation, as in FIG. 2b, of a passivation layer 3 on the 
sideWalls of the hole or of the line etched in the layer of 
polymer material 1. This passivation layer 3 must alloW the 
reactions causing spontaneous lateral etching of the polymer 
to be blocked and therefore anisotropic etching to be 
obtained. 

In plasma etching, a passivation layer is formed from 
non-volatile or loW-volatility compounds Which come either 
from the decomposition of the etching gases or from the 
reaction products of the etching. These loW-volatility prod 
ucts are deposited on the sideWalls of the material from the 
gas phase of the plasma (When they originate from the 
decomposition of the etching gas) or come from the sput 
tering of the reactive layer by the ion bombardment of the 
plasma. In the latter case, the ion bombardment is conducive 
to the formation of loW-volatility etching reaction products 
and sputters them onto the sideWalls of the patterns. What 
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ever the mechanism of formation of the loW-volatility prod 
ucts (decomposition of the etching gas or sputtering of the 
reactive layer), the non-volatile products accumulate only on 
the unbombarded surfaces of the patterns (the etched 
sideWalls). 
As indicated previously, in a damascene-type process, the 

step of etching the polymer material is folloWed by a step of 
depositing a metal such as copper or possibly aluminium. 
The metal is therefore in contact With the sideWalls of the 
polymer and in particular With the passivation layer. It is 
therefore paramount that the passivation layer be chemically 
inert With respect to the metal. In particular, corrosion 
reactions betWeen the metal and the passivation layer must 
be avoided. 

Consequently, it is necessary for the gas phase of the 
etching plasma to be free of elements capable of generating 
corrosion reactions With the metal deposited. 

Furthermore, the gas phase of the plasma must also not 
contain elements or compounds capable of impairing the 
electrical properties of the etched polymer material. 

Finally, it is extremely desirable for the etching step to be 
able to be carried out in complete safety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1a—a' depict cross-sectional vieWs of a semicon 
ductor substrate processed using a damascene process. 

FIGS. 2a—b depict cross-sectional vieWs of a semicon 
ductor substrate after plasma etching of a polymer material 
layer 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The problems outlined above are in large part solved by 
a process for the plasma etching, particularly using an 
oxygen-based plasma, of a layer of polymer material Which 
is anisotropic, non-corrosive and preferably Without any 
danger. 

In one embodiment a process for the anisotropic etching 
of a layer of organic dielectric polymer material includes the 
anisotropic etching of the polymer layer by means of a 
plasma Whose gas phase consists of O2/NH3, O2/H2O, 
O2/CH4 or O2/H2. 

In the gas mixtures mentioned, the O2 concentration is 
generally less than 40% by volume. In particular, for 
O2/NH3 and O2/H2O mixtures, the O2 concentration is 
preferably less than 30% by volume for the O2/NH3 mixture 
and 15% by volume for the O2/H2O mixture. The preferred 
gas mixtures are O2/NH3 and O2/H2O because of their loW 
danger level. Also preferably, for these mixtures, the O2 
volume concentration may vary from 15 to 30% for the 
O2/NH3 pair and from 0 to 10% for the O2/H2O pair, 
because of the presence of oxygen in the Water molecule. 

For all these gas mixtures, a small proportion of nitrogen 
(N2), for example up to 40% by volume and preferably up 
to 30% by volume, may optionally be added thereto. 

For the plasma etching process, it is possible to use any 
conventional etching source such as RIE (Reactive Ion 
Etching) and high-density plasma sources, particularly any 
etching source of the type used for etching polycrystalline 
silicon (for example LAM TCP, sold by LAM, or Applied 
DPS, sold by Applied Materials). The excitation poWer is 
generally of the same order of magnitude as for the oxygen 
plasma etching of a silicon substrate (400 to 500 W for 200 
mm substrates). The substrate is generally maintained at 
room temperature (20° C.). The total pressure of the gas 
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4 
phase is generally from 13.3 Pa to 5.5 kPa and less than 0.7 
kPa in the case of a high-density plasma source. In the case 
of a high-density plasma source, the bias poWer applied to 
the substrate holder is generally greater than that applied in 
the case of the etching of a silicon gate, and is from 250 to 
350 W. 
The process may apply to any knoWn dielectric organic 

polymer material conventionally used for the interconnect 
insulation in the electronics ?eld and in particular to an 
organic polymer material having a dielectric constant of less 
than 4 and preferably about 3 or less. 
The process also relates to the application of the aniso 

tropic etching process described above for the fabrication of 
metal interconnects, particularly made of copper or 
aluminium, in a damascene-type structure. 

This damascene structure comprises stop layers in a 
substrate made of dielectric organic polymer material and, 
on the surface of the substrate, a hard mask, the stop layers 
and the hard mask being con?gured in order to de?ne the 
interconnect holes and lines, the damascene structure may be 
etched using the plasma etching process, described above, 
and then the interconnect holes and lines are ?lled With a 
metal such as copper. This ?lling may be conventionally 
carried out by chemical vapour deposition. 

Production of the interconnects is then completed by a 
conventional step of planariZation by mechanical-chemical 
polishing. 

EXAMPLE 

Interconnect holes Were produced using the plasma etch 
ing process described above. 
The substrate Was made of SILK® polymer material, sold 

by DOW CHEMICAL and had a thickness of 1 pm. 
The hard mask Was made of a layer of SiO2 With a 

thickness of 0.15 pm. 
The plasma etching Was carried out under the folloWing 

conditions: 
Apparatus used: APPLIED DPS 
Excitation poWer: 400 W 
Bias poWer of the substrate: 300 W 
Temperature of the substrate: 20° C. 
O2/NH3 gas phase: 20/80 by volume 
Pressure: 0.66 Pa. 
The etching lasted 1.5 minutes (With a 40% overetching 

time). 
Interconnect holes having a diameter of 0.3 pm and a 

depth of 1 pm Were obtained, the sideWalls of Which Were 
perfectly straight. 

Further modi?cations and alternative embodiments of 
various aspects of the invention Will be apparent to those 
skilled in the art in vieW of this description. Accordingly, this 
description is to be construed as illustrative only and is for 
the purpose of teaching those skilled in the art the general 
manner of carrying out the invention. It is to be understood 
that the forms of the invention shoWn and described herein 
are to be taken as the presently preferred embodiments. 
Elements and materials may be substituted for those illus 
trated and described herein, parts and processes may be 
reversed, and certain features of the invention may be 
utiliZed independently, all as Would be apparent to one 
skilled in the art after having the bene?t of this description 
of the invention. Changes may be made in the elements 
described herein Without departing from the spirit and scope 
of the invention as described in the folloWing claims. 
What is claimed is: 
1. Process for the anisotropic etching of a substrate made 

of a dielectric organic polymer material by means of a 
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plasma, wherein the gas phase of the plasma comprises a gas 
mixture, Wherein the gas mixture comprises O2/NH3, 
OZ/HZO, OZ/CH4 or O2/H2, and Wherein the oxygen con 
centration of the gas mixture is less than 40% by volume. 

2. Process according to claim 1, Wherein the gas mixture 
further comprises nitrogen (N2). 

3. Process according to claim 2, Wherein the nitrogen 
volume concentration is at most 40%. 

4. Process according to claim 2, Wherein the nitrogen 
volume concentration is at most 30%. 

5. Process according to claim 1, Wherein the gas mixture 
comprises O2/NH3, and Wherein the 02 volume concentra 
tion varies from about 15% to less than about 30%. 

6. Process according to claim 1, Wherein the gas mixture 
comprises OZ/HZO, and Wherein the 02 volume concentra 
tion is equal to or less than 10%. 

7. Process according to claim 1, Wherein the pressure of 
the gas phase varies from about 13.3 Pa to about 5.5 kPa. 

8. Process according to claim 1, Wherein the organic 
polymer material has a dielectric constant of less than about 
4. 

9. Process according to claim 1, Wherein the organic 
polymer material has a dielectric constant less than or equal 
to about 3. 

10. Process for the fabrication of metal interconnects in a 
damascene-type structure, comprising: 

forming stop layers in a substrate made of dielectric 
organic polymer material; 

forming a hard mask on one surface of the substrate, the 
stop layers and the hard mask being con?gured and 
placed so as to de?ne interconnect lines and holes 

etching the substrate by means of a plasma Wherein the 
gas phase of the plasma comprises a gas mixture, and 
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Wherein the gas mixture comprises O2/NH3, OZ/HZO, 
OZ/CH4 or O2/H2, and Wherein the oxygen concentra 
tion of the gas mixture is less than 40% by volume to 
form interconnect holes and lines in the substrates; and 

?lling of the lines and holes With a conductive material. 
11. Process according to claim 10, Wherein the conductive 

material is copper or aluminum. 
12. Process according to claim 10 further comprising 

planariZation of the conductive material by mechanical 
chemical polishing. 

13. Process according to claim 10, Wherein the gas 
mixture further comprises nitrogen (N2). 

14. Process according to claim 13, Wherein the nitrogen 
volume concentration is at most 40%. 

15. Process according to claim 10, Wherein the gas 
mixture comprises O2/NH3, and Wherein the 02 volume 
concentration varies from about 15% to less than about 30%. 

16. Process according to claim 10, Wherein the gas 
mixture comprises OZ/HZO, and Wherein the 02 volume 
concentration is equal to or less than 10%. 

17. Process according to claim 10, Wherein the pressure of 
the gas phase varies from about 13.3 Pa to about 5.5 kPa. 

18. Process according to claim 10, Wherein the organic 
polymer material has a dielectric constant of less than about 
4. 

19. Process according to claim 10, Wherein the nitrogen 
volume concentration is at most 30%. 

20. Process according to claim 10, Wherein the organic 
polymer material has a dielectric constant less than or equal 
to about 3. 
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